CHAPTER 4
WASTEWATER CHARACTERISTICS

4.1 Introduction

The effective management of any wastewater flow requires a reasonably
accurate knowledge of its characteristics. This is particularly true
for wastewater flows from rural residential dwellings, commercial estab-
lishments and other facilities where individual water-using activities -
create an intermittent flow of wastewater that can vary widely in volume’
and degree of pollution. Detailed characterization data regarding these
flows are necessary not only to facilitate the effective design of
wastewater treatment and disposal systems, but also to enable the de-
velopment and application of water conservation and waste load reduction
strategies.

For existing developments, characterization of the actual wastewaters to
be encountered may often times be accomplished. However, for many exis-
ting developments, and for almost any new development, wastewater char-
acteristics must be predicted. The purpose of this chapter is to
provide a basis for characterizing the wastewater from rural develop-
ments. A detailed discussion of the characteristics of residential
wastewaters is presented first, followed by a lTimited discussion of the
characteristics of the wastewaters generated by nonresidential estab-
Tishments, including those of a commercial, institutional and recrea-
tional nature. Finally, a general procedure for predicting wastewater
characteristics for a given residential dwelling or nonresidential
establishment is given.

4.2 Residential Wastewater Characteristics

Residential dwellings exist in a variety of forms, including single- and
multi-family households, condominium homes, apartment houses and
cottages or resort residences. In all cases, occupancy can occur on a
seasonal or year-round basis. The wastewater discharged from these
dwellings is comprised of a number of individual wastewaters, generated
. through water-using activities employing a variety of plumbing fixtures
and appliances. The characteristics of the wastewater can be influenced
by several factors. Primary influences are the characteristics of the
plumbing fixtures and appliances present as well as their frequency of
use. Additionally, the characteristics of the residing family in terms
of number of family members, age levels, and mobility are important as
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is the overall socioeconomic status of the family. The characteristics
of the dwelling itself, including seasonal or yearly occupancy,
geographic location, and method of water supply and wastewater disposal,
appear as additional, but lesser, influences.

4,2.1 Wastewater Flow
4,2.1.1 Average Daily Flow

" The average daily wastewater flow from a typical residential dwelling is
approximately 45 gal/capita/day (gpcd) (170 1liters/capita/day [1pcd])
{Table 4-1). While the average daily flow experienced at one residence
ompared to that of another can vary considerably, it is typically no
eater than 60 gpcd (227 1pcd) and seldom exceeds 75 gpcd (284 1pcd)

igure 4-1).
4.2.1.2 Individual Activity Flows

individual wastewater generating activities within a residence are
uilding blocks that serve to produce the total residential waste-
discharge. The average characteristics of several major residen-
jater-using activities are presented in Table 4-2. A water-using
ty that falls under the category of miscellaneous in this table,
erves additional comment, is water-softener backwash/regeneration
Water softener regeneration typically occurs once or twice a
scharging about 30-88 gal (114 to 333 1) per regeneration cycle
~a daily per capita basis, water softener flows have been shown
e{?b?ut 5 gpcd (19 1pcd), ranging from 2.3 to 15.7 gpcd (8.7 to
7).

.2.1.3 Wastewater Flow Variations

ttent occurrence of individual wastewater-generating activi-
s large variations in the wastewater flow rate from a resi-

a. Minimum and Maximum Daily Flows

ewater flow from a specific residential dwelling is typ-
1l0%,and 300% of the average daily flow at that dwelling,
‘mgaority within 50 and 150% of the average day. At the
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FIGURE 4-1

FREQUENCY DISTRIBUTION FOR AVERAGE DAILY
RESIDENTIAL WATER USE/WASTE FLOWS
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TABLE 4-2
RESIDENTIAL WATER USE BY ACTIVITY2

Activity Gal/use Uses /cap/day gpcdDd
Toilet Flush 4.3 3.5 16.2
4,0 - 5.0 2.3 - 4.1 9.2 - 20.0
Bathing 24.5 0.43 9.2
21.4 - 27.2 0.32 - 0.50 6.3 - 12.5
Clotheswashing 37.4 0.29 10.0
33.5 - 40.0 0.25 - 0.31 7.4 - 11.6
Dishwashing 8.8 0.35 3.2
7.0 - 12.5 0.15 - 0.50 1.1 - 4.9
Garbage Grinding 2.0 0.58 1.2
2.0 - 2.1 0.4 - 0.75 0.8 - 1.5
Miscellaneous - - 6.6
5.7 - 8.0
Total - - 45.6
41.4 - 52.0

@ Mean and ranges of results reported in (4)(5)(6)(7)(10).

b gpcd may not equal gal/use multiplied by uses/cap/day due to
difference in the number of study averages used to compute the
mean and ranges shown.
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extreme, however, minimum and maximum daily flows of 0% and 900% of the
average daily flow may be encountered (2)(3)(12).

b. Minimum and Maximum Hourly Flows

Minimum hourly flows of zero are typical. Maximum hourly flows are more
difficult to quantify accurately. Based on typical fixture and appli-
‘ance usage characteristics, as well as an analysis of residential water
"usage demands, maximum hour]y flows of 100 gal/hr (380 1/hr) can occur
3(13). Hourly flows in excess of this can occur due to plumbing fix-
e and appliance misuse or malfunction (e.g., faucet left on or worn
Tet tank flapper).

c. Instantaneous Peak Flows

peak flow rate from a residential dwelling is a function of the
cteristics of the fixtures and appliances present and their posi-
in the overall plumbing system Tayout. The peak discharge rate
given fixture/appliance is typically around 5 gal/minute (gpm)
iters/sec), with the exception of the tank-type water closet which
s at a peak flow of up to 25 gpm (1.6 1/sec). - The use .of
fixtures/appliances simultaneously can increase the total flow
‘the isolated fixtures/appliances. However, attenuation occur-
he residential drainage network tends to decrease the peak flow
he sewer exiting the residence.

ield data are limited, peak discharge rates from a single-
welling of 5 to 10 gpm (0.3 to 0.6 1/sec) can be expected. For
y units, peak rates in excess of these values commonly occur.
imate of the peak flow in these cases can be obtained using
unit method described in Section 4.3.1.2.

Wastewater Quality

‘,1 Average Daily Flow

stics of typical residential wastewater are outlined in
ding daily mass loadings and pollutant concentrations.
‘characterized 1is typical of residential dwellings
standard water-using fixtures and appliances (excluding
that collectively generate approximately 45 gpcd (170
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TABLE 4-3
CHARACTERISTICS OF TYPICAL RESIDENTIAL WASTEWATERA

Parameter Mass Loading Concentration
gm/cap/day mg /1

Total Solids 115 - 170 680 -~ 1000
Volatile Solids 65 - 85 380 - 500
Suspended Solids 35 - 50 200 - 290
Volatile Suspended Solids 25 - 40 150 - 240
BODs5 35 - 50 200 - 290
Chemical Oxygen Demand 115 - 125 680 - 730
Total Nitrogen 6 - 17 35 - 100
Ammonia 1 -3 6 - 18
Nitrites and Nitrates <1 <1
Total Phosphorus 3-5 18 - 29
Phosphate 1 -4 6 - 24
Total Cotiformsb - 1010 - 1012
Fecal Coliformsd - 108 - 1010

a4 For typical residential dwellings equipped with standard water-using
fixtures and appliances (excluding garbage disposals) generating
approximately 45 gpcd (170 lpcd). Based on the results presented in

. (5)(6)(7)(10)(13).

b Concentrations presented in organisms per 1liter.
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4.2.2.2 Individual Activity Contributions

Residential water-using activities contribute varying amounts of pollu-
tants to the total wastewater flow. The individual activities may be
grouped into three major wastewater fractions: (1) garbage disposal
wastes, (2) toilet wastes, and (3) sink, basin, and appliance waste-
waters. A summary of the average contribution of several key pollutants
in each of these three fractions is presented in Tables 4-4 and 4-5.

"With regard to the microbiological characteristics of the individual
‘waste fractions, studies have demonstrated that the wastewater from
'sinks, basins, and appliances can contain significant concentrations of
indicator organisms as total and fecal coliforms (14)(15)(16)(17).
aditionally, high concentrations of these organisms have been used to
sess the contamination of a water or wastewater by pathogenic organ-
ms. One assumes, therefore, that these wastewaters possess some po-
tial for harboring pathogens.

4,2.2.3 Wastewater Quality Variations

.individual water-using activities occur intermittently and contri-
varying quantities of pollutants, the strength of the wastewater
ted from a residence fluctuates with time. Accurate quantifica-
f these fluctuations is impossible. An estimate of the type of
tions possible can be derived from the pollutant concentration
tion presented in Table 4-5 considering that the activities
d occur intermittently.

residential Wastewater Characteristics

pulation, as well as the transient population moving through
areas, is served by a wide variety of isolated commercial
nts and facilities. For many establishments, the wastewater-
ources are sufficiently similar to those in a residential
at residential wastewater characteristics can be applied.
tablishments, however, the wastewater characteristics can be
. different from those of a typical residence.

racteristic wastewater loadings for "typical” non-residen-
hments is a very complex task due to several factors.
a relatively large number of diverse establishment cate-
, bars, restaurants, drive-in theaters, etc.). The inclu-
ia]]y diverse estab]ishments within the same category
tential for large variations in waste-generating sources
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POLLUTANT CONTRIBUTIONS OF MAJOR RESIDENTIAL
WASTEWATER FRACTIONS? (gm/cap/day)

Garbage
Parameter . Disposal
BODg 18.0
10.9 - 30.9
Suspended 26.5
Solids 15.8 - 43.6
Nitrogen 0.6
0.2 - 0.9
Phosphorus 0.1
0.1 - 0.1

TABLE 4-4

Basins,
Sinks, Approximate .
Toilet Appliances Total
16.7 28.5 63.2
6.9 - 23.6 24.5 - 38.8
27.0 17.2 70.7
12.5 - 36.5 10.8 - 22.6
8.7 1.9 11.2
4.1 - 16.8 1.1 - 2.0
1.2 2.8 4.0
0.6 - 1.6 2.2 - 3.4

@ Means and ranges of results reported in (5)(6)(7)(10)(14)

POLLUTANT CONCENTRATIONS OF MAJOR RESIDENTIAL
WASTEWATER FRACTIONS2 (mg/1)

Garbage
Parameter Disposal
BOD5 2380
Suspended 3500
Solids
Nitrogen 79
Phosphorus 13

TABLE 4-5

Toil

280
450

140
20

Basins, Sinks, Combined
et Appliances Wastewater
260 360
160 400
17 63
26 23

a Based on the average results presented in Table 4-4 and the
following wastewater flows: Garbage disposal - 2 gpcd (8 1pcd);
toilet - 16 gpcd (61 1pcd); basins, sinks and appliances - 29 gpcd
(110 1pcd); total - 47 gped (178 1pcd).
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and the resultant wastewater characteristics. Further, many intangible
influences such as location, popularity, and price may produce substan-
tial wastewater variations between otherwise similar establishments.
Finally, there is considerable difficulty in presenting characterization
data in units of measurement that are easy to apply, yet predictively
accurate. (For example, at a restaurant, wastewater flow in gal/seat is
easy to apply to estimate total flow, but is less accurate than if
gal/meal served were used.)

In this section, 1imited characterization data for nonresidential estab-
lishments, including commercial establishments, institutional facili-
ties, and recreational areas, are presented. These data are meant to
serve only as a guide, and as such should be applied cautiously. Wher-
ever possible, characterization data for the particular establishment in
question, or a similar one in the vicinity, should be obtained.

4.3.1 MWastewater Flow
4,3.1.1 Average Daily Flow

cal daily flows from a variety of commercial, institutional, and
reational establishments are presented in Tables 4-6 to 4-8.

4.3.1.2 Wastewater Flow Variation

astewater flows from nonresidential establishments are subject to
Juctuations with time. While difficult to quantify accurately, an
ite of the magnitude of the fluctuations, including minimum and
m flows on an hourly and daily basis, can be made if consideration
n to the characteristics of the water-using fixtures and appli-
and to the operational characteristics of the establishment
of operation, patronage fluctuations, etc.).

tewater flows can be estimated utilizing the fixture-unit method
. As originally developed, this method was based on the premise
ler normal usage, a given type of fixture had an average flow
“duration of use (21)(22). One fixture unit was arbitrarily set
»a flow rate of 7.5 gpm (0.5 1/sec), and various fixtures were
a certain number of fixture units based upon their particular
istics (Table 4-9). Based on probability studies, relation-
developed between peak water use and the total number of fix-
present (Figure 4-2).
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TABLE 4-6
TYPICAL WASTEWATER FLOWS FROM COMMERCIAL SQURCES {18)

Wastewater F]ow;

Source Unit Range Typical
gpd/unit
Airport Passenger 2.1 - 4,0 2
Automobile Service Station Vehicle Served 7.9 - 13.2 10
Employee 9.2 - 15.8 13
Bar Customer 1.3 - 5.3 2
Employee 10.6 - 15.8 13
Hotel Guest 39.6 - 58.0 50
Employee 7.9 - 13.2 10.6
Industrial Building Employee 7.9 - 17.2 14.5
(excluding industry and .
cafeteria)
Laundry (self-service) Machine 475 - 686 580
Wash ' 47.5 - 52.8 50.1
Motel Person 23.8 - 39.6 31.7
Motel with Kitchen Person 50.2 - 58.1 52.8
Office Employee 7.9 - 17.2 14.5
Restaurant Meal 2.1 - 4.0 2.6
Rooming House Resident 23.8 - 50.1 39.6
Store, Department Toilet room 423 - 634 528
Employee 7.9 - 13.2 10.6
Shopping Center Parking Space 0.5 - 2.1 1
) Employee 7.9 - 13. 10




TABLE 4-7

TYPICAL WASTEWATER FLOWS FROM INSTITUTIONAL SOURCES (18)

Wastewater Flow

Source ‘ Unit Range Typical
gpd/unit

" Hospital, Medical Bed 132 - 251 172
- Employee 5.3 - 15.9 10.6

_ Hospital, Mental Bed 79.3 - 172 106
~ Employee 5.3 - 15.9 10.6

Inmate 79.3 - 159 119
Employee 5.3 - 15.9 10.6
Resident 52.8 - 119 92.5
Employee 5.3 - 15.9 10.6

hoo], Day:
ith Cafeteria, Gym,

Student: 15.9 - 30.4 21.1

th Cafeteria Only Student 10.6 - 21.1 15.9
Witthout Cafeteria, Gym,

Student 5.3 - 17.2 10.6

001, Boarding Student 52.8 - 106 74.0
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TYPICAL WASTEWATER FLOWS FROM RECREATIONAL SOURCES (148)

Source

Apartment, Resort
Cabin, Resort

Cafeteria

Campground (developed)
Cocktail Lounge

Coffee Shop
Country Club

Day Camp (no meals)
Dining Hall

Dormi tory, Bunkhouse
Hotel, resort
Laundromat

Store.Resort
Swimming Pool

Theater

YVisitor Center

TABLE 4-8

Person
Person

Customer
Employee

Person
Seat

Customer
Employee

Member Present
Emp1oyee

Person
Meal Served
Person
Person
Machine

Customer
Employee

Customer
Employee

Seat

Visitor

WastewaﬁéﬁT<FT'
gpd/upirit -
52.8 - 74
34.3 - 50.2
1.1 - 2.6
7.9 - 13.2
21.1 - 39.6
13.2 - 26.4
4.0 ~ 7.9
7.9 - 13,
66.0 - 132 106)6
10.6 - 15.9
10.6 - 15.9
4,0 - 13.2
19.8 - 46.2
39.6 - 63.4
476 - 687 581 1
1.3 - 5.3
7.9 - 13.2
5.3 - 13.2
7.9 - 13.2
2.6 - 4.0
4.0 - 7.9




TABLE 4-9
FIXTURE-UNITS PER FIXTURE (19)

Fixture Type

One bathroom group consisting of tank-operated water
closet, lavatory, and bathtub or shower stall

Bathtub (with or without overhead shower)

Bidet

Combination sink-and-tray

Combination sink-and-tray with food-disposal unit

Dental unit or cuspidor

Dental lavatory

rinking fountain

Dishwasher, domestic

oor. drains

1tchen sink, domestic

tchen sink, domestic, with food waste grinder

vatory
yqtory, barber, beauty parlor .

vice (P trap)

., scullery, etc.

s pedestal, syphon jet, blowout
,» wall 1lip

sta]] washout

63

Fixture-Units

—
N

PN ROPRPNWOW WRNMNMNN N WN NSNS BRWWNY Y



(spaipunpy) Wa1sAg uo syun einixiy

014 8L 91 YL 2L 01 8 9 14

] I I I | ] ] | I

9jeutwopa.d Hue)
ysnij yoiym ug walsAg

Sleulwopa.ud sanjea
USNi} Yyorym ui weysAg —

98N 8unixy peiesussuos 40 poliad e Burinp papasaxs aq

1M moyy sead PaledIpul 8w jo Junowe 8]qeqo.id moys saaun
I ] | | | | | ] ]

J 10N
1

10§

1001

-10S1

—100¢

—106¢

—00€

— 08¢

~00v

(22) IN3SIYq SLINA uNLXIA SNSYIN 39¥VHISIq AV3d
¢-v 3N9I4

oSt

MO[4 Yead a|qeqoiy

(NdD)

64




4.3.2 Wastewater Quality

The qualitative characteristics of the wastewaters generated by non-
residential establishments can vary significantly between different
types of establishments due to the extreme variation which can exist in
the waste generating sources present. Consideration of the waste-gen-
erating sources present at a particular establishment can give a general
idea of the character of the wastewater, and serve to indicate if the
wastewater will contain any problem constituents, such as high grease
Tevels from a restaurant or lint fibers in a laundromat wastewater.

If the waste-generating sources present at a particular establishment
~are similar to those typical of a residential dwelling, an approximation

of the pollutant mass loadings and concentrations of the wastewater pro-
duced may be derived using the residential wastewater quality data pre-
ented in Tables 4-3 to 4-5. For establishments where the waste-gener-
ting sources appear significantly different from those in a residential
welling, or where more refined characterization data are desired, a de-
ailed review of the pertinent literature, as well as actual wastewater
ampling at the particular or a similar estab11shment should be conduc-

Predicting Wastewater Characteristics

.4.1 General Considerations

A
4.4.1.1 Parameter Design Units

aracterizing wastewaters, quantitative and qualitative character-
are often expressed in terms of other parameters. These para-
design units, as they may be called, vary considerably depending
‘type of establishment considered. For residential dwellings,
ow values and pollutant contributions are expressed on a per
capita) basis. Applying per capita data to predict total resi-
‘wastewater characteristics requires that a second parameter be
d, namely, the number of persons residing in the residence.
al occupancy typically ranges from 1.0 to 1.5 persons per bed-
‘Although it provides for a conservative estimate, the current
is to assume that maximum occupancy is two persons per bedroom.

sidential establishments, wastewater characteristics are
in terms of a variety of units. Although per capita units are
a physical characteristic of the establishment, such as per
car stall, or per square foot, is more commonly used.
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4.4,1.2 Factors of Safety

To account for the potential variability in the wastewater character
istics at a particular dwelling or establishment, versus that of the
average, conservative predictions or factors of safety are typical
utilized. These factors of safety can be applied indirectly, througt
choice of the design wastewater characteristics and the occupancy pats
terns, as well as directly through an overall factor. For example, if
an average daily flow of 75 gpcd (284 1pcd) and an occupancy of two
persons per bedroom were selected, the flow prediction for a three
bedroom home would include a factor of safety of approximately 3 whe
compared to average conditions (i.e., 45 gpcd [170 1pcd] and 1 person
per bedroom). If a direct factor of safety were also applied (e.g

1.25), the total factor of safety would increase to approximately 3.75.

Great care must be exercised in predicting wastewater characteristics so
as not to accumulate multiple factors of safety which would yield an_
extremely overconservative estimate.

4.4.2 Strategy for Predicting Wastewdter Characteristics

Predicting wastewater characteristics from rural developments can be a
complex task. Following a Tlogical step-by-step procedure can help
simplify the characterization process and render the estimated waste-
‘water characteristics more accurate. A flow chart detailing a procedure
for predicting wastewater characteristics is presented in Figure 4-3.
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FIGURE 4-3

STRATEGY FOR PREDICTING WASTEWATER CHARACTERISTICS

Determine Primary Function of Fadility
and Classify It Accordingly
(e.g., Single-Family Home, Restaurant...}

v

Identify Intended Application of Wastewater
Characterization Data

¥

ldentify Wastewater Characterization
Data Needed (e.g., Q, BODs...)

)

Determine Physical Characteristics of Facihty

® Wastewater Generating Fixtures and Appliances

® Parameter Design Units (e.g., Bedrooms,
Seating Spaces...)

® Occupancy or Operation Patterns (e.g.,
Seasonal Home, Hours of Operation...)

¥

Obtain Characterization Data from Literature
® Tables and Text of This Chapter

® Reference and Bibliography Attached
te This Chapter

® Other Sources

1

Gather Existing Measured Characterization Data
Applicable to Facility

I ® water Meter Records
® Holding Tank Pumpage Records
@ Other

P |
A

Evaluate Available Data
® Select Data Judged Most Accurate
Determine if Needed Data has been Obtained

|
Y ¥
Calculate Waste Load Characteristics Conduct Characterization
(e.g., 45 GPCD x 2 CAP/Bedroom x Field Studies at Facility
2 Bedrooms = 180 GPD) 1 in Question or a Very
Similar One

A

: :Apply Overall Factor of Safety as Required
by Intended Application of Data

¥

Estimate Wastewater
Characteristics
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CHAPTER 5
WASTEWATER MODIFICATION

5.1 Introduction

The characteristics of the influent wastewater can have a major impact
on most any onsite treatment and disposal/reuse system. To enhance con-
ventional strategies, and to encourage new ones, methods can be used to
modify the typical characteristics of the influent wastewater.

Methods for wastewater modification have been developed as part of -
three, basic interrelated strategies: water conservation and wastewater
flow reduction, pollutant mass reduction, and onsite containment for
offsite disposal. Each strategy attempts to reduce the flow volume or
to decrease the mass of key pollutants such as oxygen-demanding sub-
stances, suspended solids, nutrients, and pathogenic organisms in the
influent wastewater to the onsite disposal system.

Although the primary thrust of this chapter is directed toward resi-
dential dwellings, many of the concepts and techniques presented have
equal or even greater application to nonresidential establishments.
Good practice dictates that water conservation/flow reduction be
employed to the maximum extent possible in a dwelling served by an
onsite wastewater system.

At the onset, there are several general considerations regarding waste-
water modification. First, there are a number of methods available,
including a wide variety of dev1ces fixtures, appliances, and systems.
Further, the number of methods and the d1vers1ty of their characteris-
tics is ever growing. In many cases, the methods involve equipment
manufactured by one or more companies as proprietary products. In this
chapter, only generic types of these products are considered. Also,
‘many methods and system components are presently in various stages of
~development and/or application; therefore, only preliminary or projected
~operation and performance information may be available. Finally, the
~Characteristics of many of the methods discussed may result in their
nconformance with existing local plumbing codes.
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5.2 Water Conservation and Wastewater Flow Reduction

An extensive array of techniques and devices are available to reduce the
average water use and concomitant wastewater flows generated by indivi-
dual water-using activities and, in turn, the total effluent from the
residence or establishment. The diversity of present wastewater flow
reduction methods is illustrated in Table 5-1. As shown, the methods
may be divided into three major groups: (1) elimination of nonfunc-
tional water use, {(2) water-saving devices, fixtures, and appliances;
and (3) wastewater recycle/reuse systems.

5.2.1 Elimination of Nonfunctional Water Use

lasteful water use habits can occur with most water-using activities. A
w illustrative examples include using a toilet flush to dispose of a
igarette butt, allowing the water to run while brushing teeth or shav-
g, or operating a clotheswasher or dishwasher with only a partial
d. Obviously, the potential for wastewater flow reductions through
mination of these types of wasteful use vary tremendously between
from minor to significant reductions, depending on existing

5.2.1.1 Improved Plumbing and Appliance Maintenance

h or apparently insignificant 1eaks from household fixtures and ap-
ces can waste large volumes of water and generate similar quanti-
f wastewater. Most notable in this regard are leaking toilets and
g faucets. For example, a steadily dripping faucet can waste up
eral hundred gallons per day.

5.2.1.2 Maintain Nonexcessive Water Supply Pressure

r flow rate through sink and basin faucets, showerheads, and
ixtures is highly dependent on the water pressure in the water
eé. For most residential uses, a pressure of 40 psi (2.8 kg/
adequate. Pressure in excess of this can result in unnecessary
and wastewater generation.. To illustrate, the flow rate
typical faucet op SEd fully is about 40% higher at % supply
80 psi (5.6 kg/cm”) versus that at 40 psi (2.8 kg/cm®).
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TABLE 5-1
EXAMPLE WASTEWATER FLOW REDUCTION METHODS

I. Elimination of Nonfunctional Water Use
A. Improved water use habits ‘
B. Improved plumbing and appliance maintenance
C. Nonexcessive water supply pressure

II. MWater-Saving Devices, Fixtures, and Appliances
A. Toilet
1. MWater carriage toilets
a. Toilet tank inserts
b. Dual-flush toilets
c. Water-saving toilets
d. Very low-volume flush toilets
(1) Wash-down flush
(2) Mechanically assisted
0 Pressurized tank
o Compressed air
o Vacuum
0 Grinder
2. Non-water carriage toilets
a. Pit privies
b. Composting toilets
c. Incinerator toilets
d. Oil-carriage toilets
B. Bathing devices, fixtures, and appliances
. Shower flow controls
. Reduced-flow showerheads
. On/0ff showerhead valves
. Mixing valves
Air-assisted Tow-flow shower system
C. C]otheswash1ng devices, fixtures, and appliances
1. Front-loading washer
2. Adjustable cycle settings
3. Washwater recycle feature
D. Miscellaneous
1. Faucet inserts
2. Faucet aerators
3. Reduced-flow faucet fixtures
4. Mixing valves
5. Hot water pipe insulation (
6. Pressure-reducing valves

m-hwr\n—-‘

ITI. Wastewater Recycle/Reuse Systems

‘ A. Bath/Laundry wastewater recycle for toilet flushing
. Toilet wastewater recycle for toilet flushing

. Combined wastewater recycle for toilet flushing

. Combined wastewater recycle for several uses
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5.2.2 Water-Saving Devices, Fixtures, and Appliances

The quantity of water traditionally used by a given water-using fixture
or appliance is often considerably greater than actually needed.
Certain tasks may even be accomplished without the use of water. As
presented in Table 4-2, over 70% of a typical residential dwelling's
wastewater flow volume 1is collectively generated by toilet flushing,
bathing, and clotheswashing. Thus, efforts to accomplish major
wastewater flow reductions should be directed toward these three
~activities. '

5.2.2.1‘ Toilet Devices and Systems

Each flush of a conventional water-carriage toilet uses between 4 and 7
al (15 and 26 1) of water depending on the model and water supply
On the average, a typical flush generates approximately 4.3
(16 1) of wastewater. When coupled with 3.5 uses/cap/day, a daily
ystewater flow of approximatley 16 gpcd (61 1pcd) results (Table 4-2).

jariety of devices have been developed for use with a conventional
h toilet to reduce the volume of water used in flushing.

tionally, alternatives to the conventional water-carriage toilet are
Vailable, certain of which use 1ittle or no water to transport human
ewater products. Tables 5-2 and 5-3 present a summary of a variety
toilet devices and systems. Additional details regarding the
ater carriage toilets may be found elsewhere (1)(2)(3)(4)(5).

5.2.2.2 Bathing Devices and Systems

h great variation exists in the quantity of wastewater generated
ath or shower, typical values include approximatley 25 gal (95 1)
currence coupled with a 0.4 use/capita/day frequency to yield a
capita flow of about 10 gal (38 1) (Table 4-2). The majority
ces available to reduce bathing wastewater flow volumes are
ted around the activity of showering, with their objective
reduce normal 4- to 10-gal/min (0.25 to 0.63 1/sec) showering
« Several flow reduction devices and systems for showering are
ized in Table 5-4. The amount of total wastewater flow
~accomplished with these devices is highly dependent on
1 user habits. Reductions vary from a negative value to as
2% of the total wastewater volume.

&
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Generic Type?

Pit Privy

Description

Hand-dug hole in the
ground covered with a
squatting plate or
stool /seat with an
enclosing house.

May be sealed vault
rather than dug hole.

Similar to pit privy
except organic matter
is added after each
use. When pit is
full it is allowed to
compost for a period
of about 12 months
prior to removal and
use as soil
amendment.

Small self-contained
units accept toilet
wastes only and
utilize the addition
of heat in
combination with
aerobic biological
activity to stabilize
human excreta.

Varieties: Several.

Larger units with a
separated
decomposition
chamber. Accept
toilet wastes and
other organic matter,
and over a long time
period stabilize
excreta through
biological activity.

Varieties: Several

TABLE 5-3

Develop-

ment
Stag

e

WASTEWATER FLOW REDUCTION - NON-WATER CARRIAGE

Application

3-4

3-4

77

Considerations

Requires same site
conditions as for
wastewater disposal
(see Chapter 8),
unless sealed vault.

Handies only toilet
wastes

Outdoor installation.

May be constructed by
user.

Can be constructed
independent of site
conditions if sealed
vault.

Handles only toilet
waste and garbage.

May be constructed b}
user.

Outdoor installation.
Residuals disposal.
Installation requires
4-in. diameter roof

vent.

Handles only toilet
waste.

Set usage capacity.
Power required.

Residuals disposal.

Installation requires
6- to 12-in. diameter
roof vent and space
beneath floor for
decomposition
chamber.

Handles toilet waste
and some kitchen
waste.

Set usage capacity.

May be difficult to
retrofit.

Residuals disposal.

TOILETS

Operation and
Maintenance

When full, cover with
2 ft of soil and
construct new pit.

Addition of organic
matter after each
use.

Removal and
di sposal/reuse of
composted material.

Removal and disposal
of composted material
quarterly.

Power use = 2.5
KwH/day .

Heat loss through
vent.

Periodic addition of
organic matter.

Removal of composted
material at 6 to 24
month intervals.

Power use = 0.3 to
1.2 KwH/day.

Heat 1oss through
vent.



Generic Typed

Incinerator

0i1 Recycle

@ None of these devices uses any water; therefore, the amount of flow reduction is equal to the
16.2 gpcd or 36% of normal daily flow (45 gpcd).
quantities of pollutants (including N, BODg, SS, P and pathogens) are therefore removed from

b

TABLE 5-3 (continued)

Description

Small self-contained
units which
volatilize the
organic components of
human waste and
evaporate the
Tiquids.

Varieties: Several.

Systems use a mineral
oil to transport
human excreta from a
fixture {similar in
appearance and use to
conventional) to a
storage tank. 071 is
purified and reused
for flushing.

Varieties: few.

amount of conventional toilet use:

wastewater stream.

]

1
2

W

mail order purchase.

Nnpw
w n

)

4

Develop-~
ment

Stageb

Prototype developed and under evaluation.
Development complete; commercial production initiated, but distribution may be restricted;

Application
Cansiderations

Instailation requires
4-in. diameter roof
vent.

Handles only toilet
waste.

Power or fuel
required.

Increased noise
level.

Residuals disposal.
Requires separate
plumbing for toilet

fixture.

May be difficult to
retrofit. ’

Handles only toilet
wastes

Residuals disposal.

Fully developed; limited use, not locally available; mail order purchase 1ikely.
Fully developed; 1imited use, available form local plumbing supply houses or hardware stores.
Fully developed; widespread use, available from local plumbing supply houses or hardware stores.

Operation and
Maintenance

Heekly removal of
ash.

Semiannual cleaning
and adjustment of
burning assembly
and/or heating
elements.

Power use = 1.2 KwH
or 0.3 1b LP gas per
use.

Yearly removal and
disposal of excreta
in storage tank.

Yearly maintenance of
oil purification
system by skilled
technician.

Power use = (.01
KwH/use.

Significant



Shower Flow
Control

Inserts and
Restrictors

Generic Typed

TABLE 5-4

Develop~
ment
Description

Reduce flow rate by 4
reducing the diameter

of supply line ahead

of shower head.

Varieties: Many.

Fixtures similar to 4-5
conventional, except
restrict flow rate.

Varieties: Many
manufacturers, but
units similar.

Small valve device 4
placed in the supply

Tine ahead of

showerhead, allows

shower flow to be

turned ON/OFF without
readjustment of

volume or

temperature.

Specifically designed 3
valve controls

temperature of total

flow according to
predetermined

setting. Valve may

be turned ON/OFF

without readjustment.

79

Stageb

WASTEWATER FLOW REDUCTION - BATHING DEVICES AND SYSTEMS

Application
Considerations

Compatible with most
existing showerheads.

»

Installed by user.

Can match to most
plumbing fixture
appearance schemes.

Compatible with most
conventional
plumbing.

Compatible with most
conventional plumbing
and fixtures.

May be installed by
user.

May be difficult to
retrofit.

Water Use’

gal?mn

1.5-3.0

1.5-3.0



Generic Typed

Pressure-
Balanced
Mixing

Valve

Air-Assisted
Low-F1low
Shower
System

a No reduction in pollutant mass; slight increase in pollutant concentration.

b

]

TABLE 5-4 (continued)

Description

Specifically designed
valve maintains
constant temperature
of total flow
regardliess of
pressure changes.
Single control allows
temperature to be
preset.

Specifically designed
system uses
compressed air to
atomize water flow
and provide shower
sensation.

Develop~
ment

Stageb

4

Prototype developed and under evaluation.

Development complete; commercial production initiated, but distribution may be
restricted; mail order purchase.

Fully developed;

likely.

Fully developed;

hardware stores.

Fully developed;
hardware stores.

Application
Considerations

Water Us,

Compatible with most
conventional plumbing
and fixtures.

May be impossible to
retrofit.

Shower location < 50
feet of water heater.
Requires compressed

air source.

Power source
required.

Maintenance of air
compressor.

Power use = 0.01
KwH /use.

gal /mi

Timited use, not locally available; mail order purchase
Timited use, available from local plumbing supply houses or

widespread use, available from local plumbing supply houses or




5.2.2.3 Clotheswashing Devices and Systems

The operation of conventional clotheswashers consumes varying quantities
of water depending on the manufacturer and model of the washer and the
cycle selected. For most, water usage is 23 to 53 gal (87 to 201 1) per
usage. Based on home water use monitoring, an average water use/waste-
water flow volume of approximately 37 gal (140 1) per use has been iden-
tified, with the clotheswasher contributing about 10.0 gpcd (38 1pcd) or~
22% of the total daily water use/wastewater flow (Table 4-2). Practical
methods to reduce these quantities are somewhat limited. Eliminating
wasteful water use habits, such as washing with only a partial load, is
one method. Front—]oad1ng model automatic washers can reduce water used
for a comparable load of clothes by up to 40%. In addition, wastewater
- flow reductions may be accomplished through use of a c]otheswasher with
eéither adjustable cycle settings for various load sizes or a wash water
recycle feature.

he wash water recycle feature is included as an optional cycle setting
n several commercially made washers. Selection of the recycle feature
en washing provides for storage of the wash water from the wash cycle
a nearby laundry sink or a reservoir in the bottom of the machine,
-subsequent use as the wash water for the next load. The rinse
es remain unchanged. Since the wash cycle compr1ses about 45% of
total water use per operation, if the wash water is recycled once,
it 17 gal (64 1) will be saved, if twice, 34 gal (129 1) , and so
th,  Actual water sav1ngs and wastewater flow reductions are highly
ndent on the user's cycle selection.

5.2.2.4 Miscellaneous Devices and Systems

are a number of additional devices, fixtures, and appliances
le to help reduce wastewater flow volumes. These are directed
toward reducing the water flow rate through sink and basin
- Table 5-5 presents a summary of several of these additional
duction devices. Experience with these devices indicates that
ar volume can be reduced by 1 to 2 gpcd (4 to 8 1pcd) when used
*sink and basin faucets.

3 Wastewater Recycle and Reuse Systems

r recycle and reuse systems collect and process the entire
- flow or the fractions produced by certain activities with
or subsequent reuse. The performance requirements of any
recycle system are established by the intended reuse
To simplify the performance requirements, most recycle
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WASTEWATER FL oW REDUCT ION

Generjc Typed
Z=TETIC 1ypet

Faucet
Inserts

Faucet
Aerators

Reduced-F]ow
Faucet
Fixtures

TABLE 5-5

Description
—=2="'ption

Device which inserts
into faucet valve or
supply line and
restricts flow rate
with a fixed or
Pressure
compensating
orifice.

Varieties: Many.

Devices attached to
faucet outlet which
entrain ajpr into
water flow.

Varieties: Many.

Similar to
conventional unit,
but restrict flow
rate with a fixed or
pressure
compensating
orifice.

Varieties:

Many.

82

- MISCELLANEQUS DEVICES AND SYSTEMSf 

Develop-
ment

Stageb

Applicatic
Considerati. n
——=""trations

Compatible wftﬁgmo
plumbing. \

Installation sfﬁpje~

Compatible with most;
plumbing. '

Installation simple.
Periodic cleaning of
aerator screens.
Compatible with most
Plumbing.
Installation

identical to
conventional.



TABLE 5-5 (continued)

Develop- :
ment Application
Generic Type? Description StageD Considerations
Mixing Specifically 5 Compatible with most
Valves designed valve units plumbing.
which allow flow and
temperature to be Installation
set with a single identical to
control. conventional.
Varietieé: Many.
Hot water piping is 4 May be difficult to
wrapped with retrofit.

insulation to reduce
heat loss from hot
water standing in
pipe between uses.

Varieties: Many.

reduction in pollutant mass; insignificant increase in pollutant
ration.

’rototypes developed and under evaluation.

evelopment complete; commercial production initiated, but
stribution restriced.

11y developed, 1imited use, not locally available; mail order

1y developed, 1imited use, locally available from plumbing
ply houses or hardware stores.

1y developed, widespread use, locally available from plumbing
ply houses or hardware stores.
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systems process only the wastewaters discharged from bathing, laundry,

and bathroom sink usage, and restrict the use of the recycled water to
flushing water-carriage toilets and possibly lawn irrigation. At the
other extreme, systems are under development that process the entire
wastewater flow and recycle it as a potable water source.

The flow sheets proposed for residential recycle systems are numerous
and varied, and typically employ various combinations of the unit pro-
cesses described in Chapter 6, complemented by specially designed con.
trol networks. In Table 5-6, several generic units are characterized
according to their general recycle flow sheet. ‘

5.3 Pollutant Mass Reduction

A second strategy for wastewater modification 1is directed toward
decreasing the mass of potential pollutants at the source. This may
involve the complete elimination of the poliutant mass contributed by a
given activity or the isolation of the pollutant mass in a concentrated

wastewater stream. In Table 5-7, several methods for pollutant mass
reduction are outlined.

5.3.1 Improved User Habits

Unnecessary quantities of many pollutants enter the wastewater stream
when materials, which could be readily disposed of in.a solid waste
form, are added to the wastewater stream. A few examples include
flushing disposable diapers or sanitary napkins down the toilet, or
using hot water and detergents to remove gquantities of solidified grease

and food debris from pots and pans to enable their discharge down the
sink drain.

5.3.2 Cleaning Agent Selection

The use of certain cleansing agents can contribute significant quanti-
ties of pollutants. In particular, cleaning activities, such as
clotheswashing and dishwashing, can account for over 70% of the phos-
horus in residential wastewater (Table 4-4). Detergents are readily

vailable that contain a low amount of phosphorus compared to other
tergents.
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TABLE 5-7
EXAMPLE POLLUTANT MASS REDUCTION METHODS

I. Improved User Habits
II. Cleaning Agent Selection
IIT. Elimination of Garbage Disposal Appliance
IV. Segregated Toilet Systems
A. Non-Water Carriage Toilets

B. Very Low-Volume Flush Toilets/Holding Tank
C. Closed Loop Wastewater Recycle Systems

.5.3.3 Elimination of the Garbage Disposal Appliance

use of a garbage disposal contributes substantial quantities of BOD

nventional disposal systems under otherwise comparable conditions
For these reasons, as well as the fact that most waste handled by
jage disposal could be handled as solid wastes, the elimination of

.3.4 Segregated Toilet Systems

toilet systems can be used to provide for segregation and
handling of human excreta (often referred to as blackwater)
some cases, garbage wastes. Removal of human excreta from the
stream serves to eliminate significant quantities of
s, ~particularly suspended solids, nitrogen, and pathogenic
(Table 4-4).

k ~of potential strategies for management of segregated human
ta re presented in Figure 5-1. A discussion of the toilet systems
15 presented in the wastewater flow reduction section of this
hile details regarding the other unit processes in the flow
be found in Chapter 6.
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Wastewaters generated by fixtures other than toilets are often referredq
to collectively as “graywater." Characterization studies have demon. -

strated that typical graywater contains appreciable quantities of
organic matter, suspended solids, phosphorus and grease in a daily flow
volume of 29 gpcd (110 Tpcd) (7)(8)(9)(10)(11)(12)(13){14)(15)
Table 4-4). Its temperature as it leaves the residence is in the range
of 31° C, with a pH slightly on the alkaline side. The organic materi-
als in graywater appear to degrade at a rate not significantly different
from those in combined residential wastewater (15). Microbiological
studies have demonstrated that significant concentrations of indicator
organisms as- total and fecal coliforms are typically found in graywater
(7)(11)(12)(13)(14)(15). One should assume, therefore, that graywater
harbors pathogens.

Although residential graywater does contain pollutants and must be prop- .
erly managed, graywater may be simpler to manage than total residential
wastewater due to a reduced flow volume. While diverse strategies have
been proposed for graywater management (Figure 5-2), rigorous field
evaluations have not been conducted in most cases. Until further field
data become available, it is recommended that graywater treatment and
disposal/reuse systems be designed as for typical residential wastewater
(as described in Chapter 6). Design allowances should be made only for
the reductions in flow volume, as compared to typical residential
wastewater.

5.4 Onsite Containment - Holding Tanks

~

Wastewaters may be contained on site using holding tanks, and then
transported off site for subsequent treatment and disposal. In many
respects, the design, installation, and operation of a holding tank is
similar to that for a septic tank (as described in Chapter 6). Several
additional considerations do exist, as indicated in Table 5-8. A dis-
cussion regarding the disposal of the pumpage from holding tanks is pre-
sented in Chapter 9 of this manual.

5.5 Reliability

An important aspect of wastewater modification concerns the reliability
of a given method to yield a projected modification at a specific
dwelling or establishment over the long term. This is of particular
importance when designing an onsite wastewater disposal system based on
modified wastewater characteristics.




FIGURE 5-1

EXAMPLE STRATEGIES FOR MANAGEMENT OF SEGREGATED HUMAN WASTES

Human Wastes \
¥
f Y ¥ ¥ ¥
Privy Compost Toilet Very Low-Volume Closed Loop Incinerator
Flush Toilet Recycle Toilet Toilet
y - y
Disinfection Treatment Holding Tank
y y
Soil Amendment Onsite Disinfection
Disposal
h y
Land Sewage Refuse
Disposal Treatment
Plant
. FIGURE 5-2

EXAMPLE STRATEGIES FOR MANAGEMENT OF RESIDENTIAL GRAYWATER

Graywater .
Chemical
Addition

Sedimentation

Y
Y ¥
Soil Absorption Further .
Alternatives Treatment
: 1
{’ Y
' Surface
Reuse Water
Discharge
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TABLE 5-8

ADDITIONAL CONSIDERATIONS IN THE DESIGN,
INSTALLATION, AND OPERATION OF HOLDING TANKS

Item Consideration

Sizing Liquid holding capacity >7 days
wastewater flow generation. Minimum
capacity = 1,000 .gallons.

Discharge There should be no discharge.

Alarm System High water alarm positioned to allow at
least 3 days storage after activation.

Accessibility Frequent pumping is likely; therefore
holding tank(s) must be readily accessible
to pumping vehicle.

Flotation Large tanks may be subject to severe

flotation forces in high groundwater areas
when pumped.

Cost Frequent pumping and residuals disposal
results in very high operating costs.

ssessing the reliability of wastewater modification methods is a com-
ex task which includes considerations of a technological, sociologi-

12 economic, and institutional nature. Major factors affecting
iability include:

1. The actual wastewater characteristics prior to modification
compared to the average.

2. User awareness and influence on method performance.

3. Installation.
Method performance.

User circumvention or removal.
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In most situations, projections of the impact of a wastewater modifica-
tion method must necessarily be made, assuming the wastewater charac-
teristics prior to modification are reasonably typical. If the actual
wastewater characteristics deviate significantly from that of the aver-
age, a projected modification may be inaccurate,

The prospective user should be fully aware of the characteristics of a
method considered for use prior to its application. Users who become
aware of the characteristics of a method only after it has been put into
use are more likely to be dissatisfied and attempt to circumvent or
otherwise alter the method and negate the wastewater modification
- expected.

' general, passive wastewater modification methods or devices not sig-
nificantly affected by user habits tend to be more reliable than those
ich are subject to user habits and require a preconceived active role
the users. For example, a Tow-flush toilet is a passive device,
1ile a flow-reducing shower head is an active one.

tallation of any devices or systems should be made by qualified
onnel. In many situations, a post-installation inspection is
mmended to ensure proper functioning of the device or system.

od performance is extremely important in assessing the reliability
projected modification. Accurate performance data are necessary
timate the magnitude of the reduction, and to predict the likeli-
at the method will receive long-term user acceptance. Accurate
nce data can only be obtained through the results of field test-
evaluations. Since many methods and system components are pres-
in various stages of development, only preliminary or projected
on and performance data may be available. This preliminary or
ed data should be considered cautiously.

ntinued employment of a wastewater modification method can be
ed through several management actions. First, the user(s)
ade fully aware of the potential consequences if they should
e employing the modification method (e.g., system failure,
lution, rejuvenation costs, etc.). Also, the appropriate man-
thority can approve only those methods whose characteristics
s indicate a potential for long-term user acceptance. Further,
ion of a device or system can be made in such a manner as to
e disconnection or replacement. Finally, periodic inspections
inspector within the framework of a sanitary district or the
rvg to identify plumbing alterations; corrective orders could
ued.
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To help ensure that a projected mod1f1catwon will actually be realizeq’

at a given site, efforts can be expended to accomplish the fol]owxng
tasks:

1. Confirm that the -actual wastewater characteristics prior
modification are typical.

2. Make the prospective user(s) of the modification method fui
aware of the characteristics of the method, including its oper
ation, maintenance, and costs.

3. Determine if the projected performance of a given method. ha
been confirmed through actual field evaluations.

4,

Ensure that any devices or systems are installed properly by
competent personnel. :

5. Prevent user removal or circumvention of devices, systems,

or
methods.

5.6 Impacts on Onsite Treatment and Disposal Practices

5.6.1 Modified Wastewater Characteristics

“Reducing the household wastewater flow volume without reducing the mass
,of pollutants contributed will increase the concentration of pollutants
-in. the wastewater stream. The increase in concentrations will likely be
nsignificant for most flow reduction devices with the exception of
se producing flow reductions of 20% or more. The increase in poilu-
t concentrations in any case may be estimated utilizing Figure 5-3.

- 5.6.2 Wastewater Treatment and Disposal Practices

ble 5-9, a brief summary of several potential impacts that
ats modification may have on onsite disposal practices is

It must be emphasized that the benefits derived from
modification are potentially significant. Wastewater
tion methods, particularly wastewater flow reduction, should be
red an integral part of any onsite wastewater disposal system.
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FIGURE 5-3 @

FLOW REDUCTION EFFECTS ON POLLUTANT CONCENTRATIONS ‘:

40

i
i

'
7

0 10 20 30 40

Wastewater Flow Reduction, percent of total daily flow

(Assumes Pollutant Contributions the Same
Under the Reduced Flow Volume) {

93



TABLE 5-9
POTENTIAL IMPACTS OF

Modi fication Practice

Disposal System F1ow PoTTutant
Type Reduction Reduction
A11 Disposal X X
X
X
X
X
X
Surface Disposal X X
X X
X
X

Evapotranspiration
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WASTEWATER MODIFICATION
ON ONSITE DISPOSAL PRACTICES

Potential Impact

May extend service life of
functioning system, but
cannot quantify.

Reduce water resource
contamination.

Simplify site constraints.

Reduce frequency of septic
tank pumping.

Reduce sizing of
infiltrative area.

Remedy hydraulically
overloaded system.

Reduce component 0 and M
costs.

Reduce sizing of components.
Eliminate need for certain
components (e.q., nitrogen
removal ).

Remedy hydrau]ica]]y
overloaded system.

Remedy a hydrau1ica11y
overloaded system.

Reduce sizing of ET area.
Reduce frequency of pumping.

Reduce sizing of containment
basin.



5.7 References

1. Wagner, E. G., and J. N. Lanoix. Excreta Disposal for Rural Areas
and Small Communities. WHO Monograph 39, World Health Organiza-
tion, Geneva, Switzerland, 1958. 187 pp.

2. Stoner, C. H. Goodbye to the Flush Toilet. Rodale Press, Emmaus,
Pennsylvania, 1977.

3. Rybczynski, W., and A. Ortega. Stop the Five Gallon Flush.  Mini-
mum Coast Housing Group, School of Architecture, McGill University,
Montreal, Canada, 1975.

4. Van Der Ryn, S. Compost Privy. Technical Bulletin No. 1, Faral-
lones Institute, Occidental, California, 1974.

5. Rybezynski, W., C. Polprasert, and M. McGarry. Low-Cost Technical
Options for Sanitation. Report IDRC-102e, International Develop-
ment Research Center, Ottawa, Canada, 1978.

. Bendixen, T. W., R. E. Thomas, A. A. McMahan, and J. B. Coulter.
Effect of Food Waste Grinders on Septic Tank Systems. Robert A.
Taft Sanitary Engineering Center, Cincinnati, Ohio, 1961. 119 pp.

Siegrist, R. L., M. Witt, and W. C. Boyle. Characteristics of
Rural Housing Wastewater. J. Environ. Eng. Div., Am. Soc. Civil
. 'Eng., 102:553-548, 1976.

Laak, R. Relative Pollution Strengths of Undiluted Waste Materials
Discharged in Households and the Dilution of Waters Used for Each.
: Manual of Grey Water Treatment Practice - Part II. Monogram Indus-
tries, Inc., Santa Monica, California, 1975.

Bennett, E. R., and E. K. Linstedt. Individual Home Wastewater
haracterization and Treatment. Completion Report Series No. 66,
nvironmental Resources Center, Colorado State University, Fort
ollins, 1975. 145 pp.

, Koy N. Hutzler, and W. E. Boyle. Household Wastewater
aracterization. J. Environ. Eng. Div., Am. Soc. Civil Eng.,
0:201-213, 1974.

son, E., L. Karlgren, and V. Tullander. Household Wastewater.
ional Swedish Institute for Building Research, Stockholm, Swe-
» 1968.

s, W. D., C. E. Batten, and J. R. Wilkins. The Chemical/
al and Microbiological Characteristics of Bath and Laundry
waters. NASA TN D-7566, Langley Research Center, Langley
r, Virginia, 1974. 31 pp.

95



13.

14.

15.

Small Scale Waste Management Project, University of W1scon31n
Madison. Management of Small Waste Flows. EPA-600/2-78-173, NTIS.
Report No. PB 286 560, September 1978. 804 pp. o

Brandes, M. Characteristics of Effluents from Separate sé*
Tanks Treating Grey and Black Waters From the Same House. J.
Pollut. Control Fed., 50:2547-2559, 1978.

Siegrist, R. L. Management of Residential Grey Water. Procéedihg

Course, University of Washington, Seattle, March 1978.

96



